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[57] ABSTRACT 

A light valve image projection apparatus includes a 
light source Held lens, liquid crystal panel a rejection 
lens assembly, and projection screen. The projection 
lens has a stop forming an aperture of the lens assembly 
decentered from the optical of the lenses of the 
projection lens assembly in the vertical scanning direc- 
tion of the liquid crystal panel. Principal rays jtfcep- 
proximately parallel to each other within the effective 
field angle on the side of the liquid crystal ceU. In the 
light valve image projection apparatus principal rays, 
parallel to each Other, are irradiated on the liquid crys- 
tal panel at an angle resul t ing in the highest contrast 
ratio to produce a projected image having uniformity 
and high contrast. 

27 Claims, 11 Drawing Sheets 
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rection of the LCD. It is now assumed that the principal 

UGHT VAJLVE IMAGE PROJECTION ray and the normal of the liquid crystal cell layer cross 

APPARATUS each other at an angle 0, 

As is apparent from FIG. 9> a highest contrast ratio is 
BACKGROUND OF THE INVENTION 5 achieved when the angle 0 is 9q slightly inclined from 
, r:: ^ ~r .v. y ~*v~ an angle 0% and the contrast ratio decreases as the angle 

^ Field onr^lnventjon deviates from the angle Oq. It is noted here that the 

The present mv^Oon relates to a ^ j£ ve rmaje . *^ of £he principa i my- 

projection apparatus which projects an optical image t"|l7 ~ 

formed on a light valve onto a projection screen in an rf „ t M showrt FIG. 8, 

^?^J^^£^ Art generally the angle B oftbf^ncipal ray incident on the 

tSo^ alarS^ image, there has been Ho^ crystal cell layer S wttiin an effective field angle 
conventionally known a method of forming an optical increases toward the periphery from the optical so* 

image on a light valve according to a video and irradiat- (9=0") of the projection lens 3, 

ing light beams to the optical image formed on the light 15 As shown in FIG* 10, in the above case, the contrast 
valve to project the optical image onto a projection ratio in the vertical direction of the projected image on 
screen by means of a projection lens system an ex- the projection screen takes its maximum value when the 
panded projection manner. Lately, a growing attention angle 0=0oand the contrast ratio decreases as the angle 
has been paid to a light valve image projection appara- deviates from the contrast peak angle &fr Therefore, the 
tus in which a liquid crystal display writ (referred to as 20 contrast ratio has its peak at a place displaced from the 
"LCD" hereinafter) is employed as a light valve. center of the projected image and is lower at places 

FIG. 8 shows a schematic form of a light valve image above and below the peak, which incurs asymmetric 
projection apparatus employing an LCI> as a light nonnrnformity of contrast in the projected image 
valve. Representative light bundles of rays A, B and C thereby adversely influencing the picture quality* 
emitted from a light source J. pass through an LCD 2 to 25 order to eliminate the above-mentioned problems 
be applied as incident light rays to a projection lens and improve the uniformity of contrast, Sakamoto et at 
assembly 3. The LCD 2 comprises of an input side po- aldoses a projection apparatus having a pair of convex 
larizing plate 4, a liquid crystal cell layer 5 and an out- on both sides of a liquid crystal panel in Japanese 

put side polarizing plate 6. The hquid crystal cell layer Patent Application JU^-Open No. HEI-3-146M1, 
5 is formed by sealing twisted nematic liquid crystals 9 30 whfle Nakamura discloses a reflector and a light ray 
between two glass plates 7 and 8. Each of the glass ^ c^bmation in an Rumination optical system 

plates 7 and 8 is provided with transparent pixel eleo- ^ ^ j apanese patent Application Laid-Open No, 

• n _« M Mk>4 \*+ <■» «v*i<+«4t rvrt +hm innpr 6tiT*fiiC£ thereof - * ~ « «. ■ . .. >i. i 



trades arranged in a matrix an the inner surfiee thereof HEI-4-2293S, parallel light rays being incident on the 
in contact with the liquid crystals 9. j.^ pgnd in each of the disclosed apparatus. 

The polarization axis of the input side polarizing plate 35 g avfeva ^ wc c f ^ conventional apparatus, 

4 and the polarization axis of the Output side polarizing ^ of the principal ray incident on the liquid 
plate 6 cross each other at right angles with each polar- ^ , is v ^ not to ^o, which is eotise- 
ization axis being inclined at an angle of 45 with respect OTCI> tly insufficient far obtaining a high contrast ratio. 
t °« t ^ C vei^scanning direction of the hquidcrys^ H VuLa apparatus in which a liquid crystal panel is 
cell layer 5. When no voltage* applied to the tomspax- «0 at toward the maximum cem- 
ent pixel electrodes arranged m the glass plates 7 and 8, *^ a, e vertical plane with respect to 
a Unearly polarized tightly ontottt through the .wput ^^^^Sscteaed in Japanese Patent Appli- 
side polanzuig plate 4is rotated at ^.^ ^^ dl fJo ^^^.o^ No _ S H0^2- 186225 by Nakaraura et 
an optical rotatory power the faqmd^sW ceD £yw P ^N 0 . 4,824,210 by Shhnazaki. in Japanese 

5 to achieve a wnmam ranttehu^ of *e 45 P*** Application Laid-Ope* NO. HE1-3-71110 by 
light rays passfg through the U^""**"***™ " Hshimotfet al„ and in Japanese Patent Application 
voltage to the transparent F^P^^J^lf Laid-Open No. HEI-V75617 by Hosoi et at It is also 
* e opncalrotatory pow^m the hqu^d c^d ceU layer ^ ^ the angle of the principal ray incident 

5 ^ It *T A * ^^SflShS^t Svf^ » STe liquid crystal paTel optimum for'acbJevtog high 
reduce the trnnsmittance of the polanzed hght rays. » \ anploy£« variation of the abovMnoi- 

• , m T- C l T^i ^Tv^! ™ feSpp^m Howfver, it is neeesssry to incline the 

sianat js formed m the t-CD 2 as a vanance at tne trans- .^f ^_^L M m^ n /44miinr tr. 

mSance of the polarized Hght rays, and the obtained rejection screen p ane from ^^ e .^°?^£ 

Si -J: « 'j^^_ q1 ;<l ^rrti^etBd onto a the optical axis of the projectaon lens in order to saas- 

optical image of the video J£3S?^Sat 55 factory focus the projected image thereon. Even when 

DTOiection screen 10 in an expanded projection manner 55 lauwiuy lue ^y,^^ ? . n ^^^^rj a i 

[* J ~ ^ iLT-e 0 ia™K'it ^ the projection screen plane is mchned, a trapezoidaj 

^Z^D STpfoylT^S ntr^uid crystals distortion «k« placed., the ^iected unae^which 
exh^teT^h-L c^trast ratio when a voltage is ap- it difficult to obtain a high <n* P>««* 

P^dto *rlcD in such ^ manner that the ahgnment Other apparatus eniployuig ^T^n^ fel 
direction of the liquid crystal molecules coincides with 60 such as a prism, a fibrous plate a ^^P^°^ > ™* 
advening dSon ofln incident Kght ray. pepped prism having a sawtooth-shaped croa . se^« 

HgT 9 shows an example of the relationship between disposed on the output s,de of the hqiud crysud panel 
an JncldLvS of an kddenl light ray contrast refracting a Kght ray rncdout On 

ratiTof aaLO). A prinopal iught ray which t» the pand at the angle for aehievmg the highest o?**** 
d^m^y^ofaconicS&eXays incident on the « ratio whh respa« to the optiol «us of the P£***" 
opticTLage plane of the liquid crystal call layer is lens, are disclosed in .Japauese Patent Apphcaoor i L«d- 
dheSed w^ii a plane including the nor$sl of the Open No SH0^2-3227 by Tanata et » £ P«. 



^uiTSys^U lfy% S »d the vertical « aiming di- No. 4,936,657 by Tejima et al. r in Japanese Patent Ap- 
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plication Laid-Open No. HEl-^43780 by Oka et aL, and the vertical scanning direction of the Uqind crystal cell, 
hi Japanese Pate^AnpKcaikm Laid-Open No- HEI-3- The angle * of the pnoopal ray is established according 
259131 by Nakaafefci et aL In any" of the above-men- to the extent of the eccentricity of the aperture formed 
tioned apparatus, the light ray* incident on the liquid by the stop. When the stop is deeerrtered in such arnan- 
erystal partel have an incident angle for achieving a high 5 ner that tte an^ej » of the r^crpal ^crfa >ophcaI 
ccitrasfratio and efficiently converge the light rays axis of the projection lens is *o** ^ch^ contrast 
into the entrance pupil of the projection lens- However, ratio takes its maximum value, the angle * of the prrao- 
the arx>ve^enticied optical components are arranged pal ray transmitted through the center of the image 
between the Hquid crystal panel and the projection lens, teimng area ofthe fcqmd ^ crystal eel lis £o wittout 
which makes it difHcult to compensate for various aber- 10 impairing the rarformity of image quality and bnght- 
rations of the projection lens. Furthermore, when using ness other than contrast to produce a PW*^^ 
an element having a fine stepped structure, the element having a high contrast ratio. TTiats, in the mcideni light 
must be arranged in the vicinity of the optical image bundles A, B and C as shown m FIG. 8 for example, the 
plane of theliquid crystal panel. Therefore, an ex- lower half portions a* b and c with reject to the respec- 
pand«* image of the fine structure fatally appears on the 15 n^ prine^al rays areutitwed and the c^erhalvBOf 
projected image, which also results in difficulty in ob- the hgfrt bundles are cut off by the stop. Furthermore, 
riming a high^naUty projected image in any event. the projection lens assembly receives prmctpal rays 

Various apparatus in which the central axes of the whi chj are approximately I^^^^T^™ 
hquid crystalpanel, projection lens, and projection side of the liquid crystal cell witrun the effective field 
screen are displaced to irradiate hght rays an an oblique 20 angle, whereby improved umfbrcwty of the lugh con- 
direction onto the liquid crystal panel for achieving the txast can be achieved. 

highest contrast ratio are disclosed in Japanese Patent BRIEF DESCRIPTION OF THE DRAWING 

Application l>id-Open No, SHO-63-737S2 by Horiuchi 

et aL and in Japanese Patent Application Laid-Open These and other Ejects ar^ features of ^ present 
No HEI-2-5082by Ohba. & invention will become apparent from the foUowing 

FIG 11 shows, schematically, the structure of the description of the preferred embodiments thereof made 
above-mentioned apparatus, The center of the image with reference to the accompanying drawings, m 
forming frame of the liquid crystal cell layer 5 is dis- which: 

placed vertically with respect to the optical axis of the FIG. 1 is a schematic view of one embedment of a 
projection lens 3 so that the field angle 0=> Go, at which 30 light valve image projection apparatus m accordance 

the projected image has me maximum contrast ratio, is with the present mventkm; . " 1 

subtended from a location near me center of the liquid FIG. 2 is a scnernanc viewOf a proven lenspuml 
crygtal ^5 of the light valve image projection apparatus of FIG. 1; 

FIG 12 shows the contrast ratio in the vertical direc- FIG. 3 is a schematic view of a projection le «^rrel 
tion of the projected image in the above-described appa- 35 of the light valve image projection apparatus of FIG. 1; 
rams. With the apparatus shown m FIG. IX, an area FIG. 4 is a graph of <*"" 1 ™^ 
around the center ofthe projection screen can be made curves of a projected image m the hght valve image 
to exhibit the peak contrast ratio to prevent a possible projection apparatus of FIG- 1; - 
occurrence of Asymmetrical nonuntformity. However, FIG. 5 is a schematic view anc^ermbodon^t ofa 
the contrast ratio reduces toward the periphery of the 40 light valve image projection apparatus m accordance 
liquid crystal cell layer, which also leaves unsolved the Wi£ the ^present .invention; 

jSoblem that no uniformity can be ensured throughout FIG. 6 is a wmematic view of a projector of another 

the area of the projected image area. Furthermore, the embodiment of alight valve image projection apparatus 

Uquid crystal cell layer 5 is displaced in parallel m the in accordance with the riresent mrventioii; 

ve^alSecW whhrespect to the optical axis of the 45 FIG, 7 is a schematic ; vxew ome cc4mxments withm 

projection lens 3, which requires the projection lens to a cahmetof the em^iment °f^G.C; 

havea wide angle and makes asyniinetrical the range of FIG. S is a schematic view of a conventional hght 

field angle for use in the vertical direction of the pro- valve image projection atnaaratus; 

jectednnage The brightness of the projected image at HO. 9 fa a graph of a ^^J^^fff^F^ 

an^itrary point is proportional to the product of the 50 curve depending on en incident angle of a light ray 

fourth power of the cosine of the field angle and the armKed to a Ikmid crystal display jm* 

vignetting factor of the projection lens, and therefore FIG. 10 is a graph of contrast ratio character^ 

the brightness depends greatly on the field angle. curves of an image projected by a conventional iignt 

Therefore, when the range of field angle for use is asym- vaWe image projection arn>ar^us; 

metrical, there arises another problem that the bright- 55 FIG. 11 is a schemanc view of a hght valve unage 

ness varies when the lens is in different vertical posi- projection apparatus emctoymg a conventional projec- 

tions. tion lens; and 

FIG. 12 is a graph of exemplified contrast ratio char- 
SUMMARY OF THE INVENTION acteristic curves of an image projected by the light 

Accordingly, an essential object of the present mven- <§0 valve image projection apparatus of FIG, U. 
tion is to provide a light valve image projection appara- DETAILED DESCRIPTION OF THE 

tns capable of obtaining a projected image having a PREFERRED EMBODIMENTS 

uniform and high contrast throughout the area thereof. . . . «^^ H -mW»dim«it of 

A Iwht valveimage projection apparatus in accor- The following ^describes a preferred embc^ent or 
clarie^th the resent mvention employs a projection 65 the present mvetttion with reference to FIGS. 1 
lens assembly including at least one decentering aper- Sfcrougb 7. 

tore s^the aperture center of which is decentered FIG. 1 shows an embodmrent of a h*ht valvcja^ 
f^^c^calids of the lenses of the Lens assembly in projection ajmaratus m accordance with the present 
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to ob tain a projected image having a sufficient bright- 
ness, it is necessary according to FIG. 2 to satisfy the 
following condition (1); 



(1) 



invention. A liquid crystal panel 13 taking advantage of 
a birefringence or rotatory polarization characteristic 
comprises an input side polarizing plate 16, a liquid 
crystal cell layer 17 and an output side polarizing plate 
18, and has a structure similar to that of a conventional 5 
liquid crystal panel. That is, the liquid crystal cell layer 
17 is formed by sealing twisted nemanc liquid crystals 
between two glass plates. Each of the glass plates is 
provided with transparent pixel electrodes arranged in a 
matrix on the inner surface thereof in contact with the 10 
liquid crystals. A field lens 12 is disposed ill front of the 
input side polarizing plate 16 to adjust the direction of 
the light rays irradiated from the light source II. 

A projection lens assembly 14 comprises a rear lens 
unit 15 and a front lens unit 20 T and a stop between the 15 
rear lens unit 19 and the front lens unit 20. The stop 
consists of a first aperture stop member 21 at a rear 
position, a second aperture stop member 22 at a middle ^ , - ^^ e,.,^ ™rp- 

^osition and a third Vrture stop 23 at a front position where F represents the <tf^e T^umte g repre- 
between the rear lensTunit 15 and the front lens unit 2D 20 sent* the half-apex angle of the effectavc bnndle ofhght 
m^uforder from the side of the light source U, each rays passing through the center of the image Formmg 



where di represents the diameter of the effective aper- 
ture 27 of the projection lens, and 02 represents the 
diameter of the effective aperture 28 of the illumination 
optical system necessary for the projection optica] sys- 
tem. 

According to a paraxial theory of a lens system, an 
effective F-number of a projection lens satisfies the 
following equation (2): 



d 



aperture stop member having a circular aperture. Tine plane of the liquid crystal cell,* represents the ^stance 
S^ertuxe stop member 21, 22 and 23eSh have an from the principal ^t of the projection tens on the 
aperture decentered by an appropriate distance from rear side (Lc the side of the liquid crystal cejp to the 
theopticai axis Cof the projection lens assembly 14 in 25 optical image plane of the liquid crystal cell, and d 
the vertical scanning direction of the liquid crystal cell represents the effective aperture. 



layer 17 (upward direction in FIG. 1) so as to receive 
the Hgbt bundles each having a principal ray directed at 
an angle Bo with respect to the normal of the liquid 
crystal cell layer 17. 

An optical image corresponding; to a video signal is 
formed in the liquid crystal panel 13 as a variance of 
tratxsmittance of the light rays polarized through the 
input side and output side polarizing plates 16 and IS, 
and the optical image formed in the liquid crystal panel 35 
13 is projected onto a projection screen 15 in an ex- 
panded projection manner by means of the projection 
lens assembly 14 



Assuming that the effective F-number at the effective 
aperture 28 is Fi> the distance values dj and d3 are, 
according to the equation (Z\ expressed by the follow- 
30 ing equations (3) and (4): 



<3) 



Therefore, assuming that the angle 0 of the principal ray 
is Go, and the effective F-tmmber necessary for the pro- 
jection optical system employing a deceutering aperture 



With ***** » the an^e of^ P^on ^ ttttEEZOEwZ » 
semblv 14, the aperture stop member 21, 22 and 23 are 40 ™P „\ *Sh re* 



lens is, according to the equations (1), (3), and (4), re- 
quired to satisfy the following equation (5): 



_1_ 



1 

Pi 



(5) 



When equation (5) is not satisfied, a projected image 
having either insufficient brightness or insufficient con- 
trast will result. When equation (5) is satisfied, a pre- 



assembly 14, the aperture stop 

positioned in such a manner that two of the principal 
rays 24, 25 and 26 of the representation three light coni- 
cal bundles (which are emitted from the light source It) 
are approximately parallel to each other within an effec- 
tive field angle on the side of the liquid crystal panel 13. 45 

The following describes the theoretical principle of 
the present invention with reference to FIG. 2. 

FIG. 2 shows a pupil of the projection lens assembly 

14 when viewed from the side of the projection screen u *-^ 

15, where reference mark O represents a center point of 50 jected image havm* sufficient brightness arid st^ent 

an effective aperture 27 of the projection lens assembly contrast can be obtained^ However ***** 

14 and reference mark O' represents a center point of increases as the effective F-number Fi of the projection 

the decentered of the aperture stop through which the Jens decreases restating in an ac^mr^ymg 

light bundles are passed, where the principal ray of each mamrfactunng cost. Therefore, the value F * prefera- 

li|ht bundle formT^Thighest contrast angle do with 5$ bly as great as possible withm a range satisf ymg the 

respect to the normal of the liquid crystal cell layer 17. equation (5) in order to keep the Je» gamete r small. 

order to make the angle 0 Of the principal ray In the case where a projection lens » n- 

comcidc with *o> the aperture formed by the stop is structed as to receive two arbitrary *^*%J2?Z 

re^mred to be d^tereTfrom the optical axis of the which are parallel to each other the effectrve 

projection lens assembly so that the point <? is posi- <30 field angle at the side of the liquid crystal cell, the a*gle 

ffiTthe center of L effective aperture 28 of an 6 of the principal ray f^^^^j^^ 

mummation optical system- Assuming that the distance tal cell is approximately identical at each ^dangleto 

between the point O and the point O' is d* it is neces- thereby produce uniform contrast m the P^^^im- 

swy to decenWthe center point of the effective aper- age. The projection lens is provided with a decerning 

tuxe 28 of the nhunination optical systemby the distance 65 aperture stop unit such that the an#c e rftheprmcrpaJ 



d* In order to make the angle 0 of the principal ray ray on the optical axis is to and thedecentermg aperture 
coincide with the angle 0q while assuring the effective stop unit eoniprises a plurality ' of deceutering aperture 
^crture 28 necessarffor the projection optical system stops such that the angle B of the principal ray at a field 
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angle out of the optical axis is also float a plurality of 
positions in the projection lens system 14. Thus, the 
angle 0 of the principa l ray on the optical axis as well as 
the angle 0 of the principal ray at a field angle out of the 
optical axis can be set to 0o uniformly maintaining an 
approximate parallelism therebetween. 

With regard to the illumination optical system from 
the light source, the light rays emitted from the tight 
source can be utilized more efficiently by aligning the 



lens assembly 14 is 4*5* with respect to the normal of the 
liquid crystal cell layer 17 in the vertical scanning direc- 
tion thereof. The first and third aperture stop member 
21 and 28 are appropriately decentered from the optical 
axis C to form the aperture for the principal rays 24 and 
26 in the field angles outside the optical axis C of the 
projection lens assembly 14 so that the angle of each of 
the princip al rays 24 and 26 can be defined as approxi- 
mately 4.5* with respect to the normal of the liquid 



center axis C of the nomination optical system with the 10 crystal cell layer 17 hi the vertical scanning direction of 



principal ray 25 on the axis C of the projection lens 
system and irradiating light rays in an oblique direction 
onto the liquid crystal cell 17 at the angle Go with re- 
spect to the normal of the liquid crystal cell layer 17. 

As is apparent from the above, the light valve image 15 
projection apparatus in accordance with the present 
invention has the advantage that the angle 6 of the 
principal ray passing through the liquid crystal cell 
within the effective Held anile can easily be set to $q 
either on or out of the optica] axis of the projection lens 
by employing the decent caing aperture stop unit in the 
projection lens system to allow a uniform and high-con- 
trast projected image to be displayed. 

Referring back to FIG, 1, in the projection lens as- 
sembly 14* the apertnre stop me 

so arranged as to receive two of the principal rays 24, 25 
and 26 approximately parallel to each other within the 
effective field angle on the side of the Kqnid crystal 
panel 13. Assuming now that the effective F-number 
necessary for the projection optical system is set to 4.0 
for obtaining a projected image having a sufficient 
brightness while the angle 0 of the principal ray is set to 
4.5* for achieving the highest contrast in a projected 
image, toe equation of Fi£Z46 holds according to the 



the liquid crystal cell 17 in the same manner as That in 
the case of the principal ray 25. The optimum location 
of the first and third stop members 21 and 23 is deter- 
mined by tracking the light rays out of the optical axis. 

FIG> 3 shows the structure of a lens-barrel of the 
projection lens assembly 14. The lens-barrel includes an 
inside lens-barrel 101, a fixed outside lens-barrel 102 
fixed to the inside barrel 101, and a cam ring 10S 
mounted thereon. By rotating the cam ring 103 m the 
20 direction indicated by the arrow in PIG. 3, the inside 
lens-barrel 101 moves in the direction of its optical axis 
whereby the projection lens assembly 14 can be focused 
without rotating the inside lens-barrel 101. With the 
abovenmentioned arrangement, the first aperture stop 
■s 21, 22 and 23 are 25 members 21, the Second aperture stop member 22 and 

the third ^pciloi e stop member 23 do not rotate around 
the optica) axis when the projection lens assembly 14 is 
focused. 

FIG. 4 shows a contrast ratio characteristic curve 
30 and the angle 0 of the principal ray of a projected image 
with respect to the position on the liquid crystal cell 
layer 17 in the vertical direction by means of the light 
valve image projection apparatus of the present em- 
bodiment in comparison with those of the conventional 



equation (4)> Therefore, the projection lens is required 35 example shown m FIG. 12. The solid lines correspond 



to have an effective F-number of 2*46 or brighter <Le, 
smaller). However, the outer diameter of the projection 
lens increases according as the effective F-number de- 
creases. Therefore* a projection lens having an F-num- 
ber of 2.4 is employed in the present embodiment It is 
noted here that the angle 0 of the principal ray may be 
set in a range of 0* <0<9* for achieving a high contrast 
in a projected image. 

rays are irradiated from the light source 11 and 



to the present embodiment and the dotted nines corre- 
spond to the conventional example. According to the 
apparatus shown in FIG. 1, the principal rays 24, 25, 
and 26 are approximately in parallel to each other, and 
40 the angle $ Of each of the principal rays is set to approxi- 
mately 4.3" to obtain a uniform and high contrast ratio 
of the image projected on the projection scr ee n 15. 

FIG. 5 shows another embodiment of a light valve 
image projection apparatus in accordance with the pres- 
pass through the field lens 12 and the input side polariz- 45 ent invention, where liquid crystal panels 36, 37 and 38, 
ing plate 16 to be applied onto the liquid crystal cell and a projection lens assembly 40 have the same struc- 
layer 17. The field lens 12 comprises a plano-convex tures as those of the apparatus shown in FlG. !• 
lens for adjusting the direction of the incident light rays. light rays irradiated from a light scarce 31 are sepa- 
The fight source 11, the field tens 12, and the input side rated into three primary colored tight rays of bine (B), 
polarizing plate 16 are similarly inclined with respect to 50 green (G) and red <R>by means of a color separator 32 
the liquid crystal cell layer 17 so that the principal ray consisting of two dichrcic mirrors DMl, DM2 and a 
of the light bundle is oblique at an angle of 4,5* with reflection mirror Ml and then transmitted through field 
respect to the normal of the liquid crystal layer 17 in the lenses 33, 34. and 35 respectively. The three primary 
vertical ^anrririg direction of the liquid crystal cell 17. colored tight rays G, R and B are respectively input to 
An optical image formed on the liquid crystal cell layer 55 side polarizing plates 42, 43, and 44 and then applied to 
17 is transmitted through the output side polarizing three corresponding liquid crystal cell layers 45, 46, and 
plate 18 to be projected onto the projection screen 15 in 47. The light source 31, field lenses 33, 34, and3S> and 
an expanded projection manner by means of the projec- the input side polarizing plates 42, 43, and 44 are so 
don lens assembly 14. inclined with respect to the liquid crystal cells 45, 46, 

The second aperture stop member 22 is provided in 60 and 47, respectively, that the angle of each principal 
the projection lens assembly 14 with its aperture size light ray is set to 4.5' m the vertical scanning . Ojreciuon 
setting the F-number of the projection lens assembly 14 of the Squid crystal cell layers 45, 46, and 47. Optical 
to 4.0. The second aperture stop 22 is located in the images formed on the liquid crystal ceils 45, 46, and 47 
vicinity of the focal point of the rear lens unit 19 at the are transmitted through output »de polarizing plates 48, 
side of the projection screen 15 and is so decentered 65 49, and 50 and combined <ia terms of color) by means of 
(upward from the Optical axis C of the projection lens in a cole*, combiner 39 which c ompri ses dichroic mirrors 
FIG- 1) that the angle of the principal ray 25 in the field DM3, DM4 and a reflection mirror MX The combined 
angle on or around the optical axis C of the projection optical images are projected onto a projection screen 41 
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bv means of a projective lens assembly 40 m an ex- embodiments, other liquid crystal light vtfvep of an 
panded projection manner. LCD taking advantage of a birefringence or rotator? 

With regard to the projected image contrast charac- polarization characteristic may be used instead, 
teristic in the apparatus shown in FIG. 5, principal rays Although an aperture stop unit having a areolar 
55, 56, and 57 passing through the liquid crystal cell 5 aperture is used in the present embodiment, the aperture 
layers 45, 46, and 47 respectively arc approximately stop is not always required to have a circular aperture 
parallel to each other, and the angle $ of each of the shape and it may have a senncircular or oval aperture 
principal rays is approximately 4,5* to obtain a uniform instead, 

and high contrast ratio of the projected image as indi- Although the input side polarizing plate is inclined 
cated by the solid line in FIG- 4 in the same manner as 10 with respect to the liquid crystal cell layer in the present 
in FIG. 1* It is noted here that the angled of the princi- embodiment, the input side polarizing plate may be 
pal ray may be set m arangeof 0* <0<9* for achieving parallel to the liquid crystal cell layer- 
a high contrast in a projected image. According to the present invention as described 

HG. 6 shows another example of a light valve image above, the projection lens assembly is provided with 
projection apparatus in accordance with the present 15 0 r more decentering aperture stops whose aperture 
invention, while FIG- 7 shows the internal structure of positions are dec entered from the optical axis of the 
a cabinet including the projector. The apparatus shown projection lens assembly in the vertical scanning direc- 
FIGS. 6 and 7isa tear type of light valve image projec- tion Q f liquid crystal cell, such that two of the prin- 
tion apparatus employing three liquid crystal panels and 0 f the incident light bundles are approxi- 

thxer projection lens systems, where liquid crystal pan- 20 ^^ly parallel to each other within the effective field 
els 66, 67, and 68 and projection lens systems 70, 71, and angle on the side of the liquid crystal oelL The arbitrary 
72 are of the same type those employed in the apparatus principal rays within the effective field angle can be 
shown in FIG. 1* transmitted through the liquid crystal cell layer 17 in an 

A bundle of light rays irradiated from a light source oWiquc direction so that the highest contrast can be . 
61 is separated into three primary-colored light rays of 25 d ^ tueved whfle pairing the arbrtrary principal rays have 
blue (B), green (G) and red (R) by means of a color approximately the same angles with respect to the «w> 
separalor 62 which comprises three dichroic rrurrors j^l D f the liquid crystal cell layer thereby obtaining 
DM1', DM2' and DM3'. The separated ptimary<!Ol- approximately parallel to each other. The invention can 
ored rays B, G and R are transmitted through field thus be compact and produce a projected image having 
lenses 63, 64, and 65 and are input to side polarizing 30 ^ onmty ^ contrast without impairing the 
plates 74, 75, and 76, respectively, to be apphed onto brightncss of ^ projected image, trnrformity of bright- 
three corresponding liquid crystal cell layers 77, Tfc and resolution* and other image characteristics ccmse- 
79. The lights source 61, held lenses 63, «4, and 63, and providing a remarkably great effect 
the input side polarizing plates 74, 75, and 76 are so * Although ^ prcse31l invention has been fully de- 
inclined with respect to the liquid crystal ceU layers 77, 35 ^ £yway of ^j^^ with reference to the ac- 
78, and 79, respectively, that the angle of each principal —tnBanvinR drawings, it is to be noted here that various 
light ray is 4.5' with respect to the normal the hquid Ranees and rnotfficadons will be apparent to those 
crystal cell layers in the vertical scanning dtfectaon of * the art. Therefore, unless such changes and 
the liquid crystal cell layers^ Optical un *^^^ c ^ om An modifications otherwise depart from the scope of the 
the liquid crystal cells 77, 78, and 79^e rented oiva 40 mvcnti on as defined by the appended claims, 
mirror 69 so as t obe mp ut to the proj ecUon lens sy stems P construed as included therein. 
70. 71, and 72. Thereafter the optical images are trans- £ claimed is . 

mitted by means of mirrors 83 and 84 to be combined ^ Va]vc image projection apparatus for pro- 

and projected on a projection screen 73 m an «panOeO aAoptical image of a video signal, said apparatus 

projection manner. By finely adjusting the positions of 45 ^™S^° px,cai mage w 

the liquid crystal panels 66 and 68 ^P^f^^l ^SSvSve means for forming an optical image from 
lar to the optical axes of the projection lOT Ssystems 7D "Vvfceo dgIlal and for adjusting the degree to 
and 12, resr^ely^ projecte^^ of^ and ^ g ^ ^ ^ transmrtted there- 

B arc properly combmed on the projection screen 

PmS^ays 85, 88 91 «* the primary blue color 50 g» which States the optical image 

rays, principal rays 86, 89 and 92 of the pr^ green a g^^*™" V alv C means with light rays; 
color rays, and principal rays 87, 90 and 93 of the ptv y ^ 

mary red color rays respectively transmitted through *rV nn , to r, IQ i CCX 3Js« the optical 

principal rays approximately 4.5" by means * ? TOj ^^^™C^tK^oP^al 

of three stops dV VO. "A ™« ^ ™'o^^ eL^^/to th/opti- 

(116,117, 118) Of the projection lens *^™>J}»£ ^ ££1Z a the apertnre of the 

72, respectively, in the same manner as m the anboA- ^^JTiZL Z£s flt a BC ^ don decentered from 

ment of FIG. 1. It is noted here mat the angle $ of the 60 projection lens means ai a P°»»"" , 

Sipal "ys may be set in a range of 0* <»<9* for tte optical a*is of ^J^SSiT^S^ as 

™vmg a high contrast m a projected image. , * The hght valve image P™j«*on «PP^»^ 

manner as in the apparatus snown m rl\>» i» v * • , ^•i.-- %« tVi*» 

^Ubooeh Ae Uqnld crystal light valve employmg mentt approrfmately paraUel t ^ ch , oth " < ^f n 
twistS^Sirtc liquid crf^als b used in the present effective field angle of said projection lens means on the 
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said 



valve 



side of the projection lens means 
means. . . 

3. The apparatus as claimed in claim 1, wherein said 
projection lens means has an F-number satisfying: 




15 



20 



wherein Ft represents the effective F-nnmber of said 
projection lens means, Fa represents a design F-number w 
necessary for the fight valve image projection apparatus 
to produce a projection image having a desiredly suffi- 
cient brightness, and 6 represents an anglej^weena 
principal ray irradiated from a central portion of said 
hght valve means and the optical axis of said projection 

lens means- . 

4 The apparatus as claimed in claim 1, wherein tie 
stop of said projection lens means comprises three stop 
members disposed along the optical axis of said projec- 
tion lens means, .. t _ . 

5 The apparatus as claimed m chum 4, wherem eacn 
of said decentering stop members has .a circular aper- 

The apparatus as claimed in claim 1, and further 
comprising focus adjustment means for moving a JWJfOl 25 
said projection tens means along the optical axis there©! 
without permitting the rotation of the stop of said pro- 
jection lens means. 

7. The apparatus as claimed in claim 1, wherem saao 
light valve means is aKquid crystal display unit having 30 

a liquid crystal panel . , . . 

g. The apparatus as claimed in claim 7, whereui the 
optical axis of said Ught source is inclined with respect 
to the optical axis of said projection lens means such 
that the light from said light source is incident on said 35 
liquid crystal panel at an oblique angle relative to the 
normal of said liquid crystal panel. 

9. The apparatus as claimed in claim 8, wherem the 
angle 6 is wfthm a range of O*<0<9\ 



and said projection lens means is positioned to receive 
principal rays of light bundles radiating from 
tare elements apprwdmately parallel to each other 
within the effective field angle of said projection lens 
means on the side of said projection lens means facing 
said light valve means. , -A 

1Z The apparatus as claimed in claim 10, wherem 
said projection lens means has an F-munber satisfying: 



+ land 



wherein Fi represents the effective F-nnmbcr of said 
projection lens means, Firepresents a design F-number 
necessary for the fight valve image projection apparatus 
to produce a projection image having a desiredly suffi- 
cient brightness, and * represents an angle between a 
principal ray irradiated from a central portion of said 
li^ht valve and the optical axis of said projection lens 



13 The apparatus as claimed in claim 10, wherem the 
stop of said projection lens means comprises three stop 
members disposed along the optical axis of said projec- 
tion lens means, , - 

14. The apparatus as claimed m claim 13, wfterem 
each of said decentering stop members has a circular 



15 The apparatus as claimed in claim 10, and further 
comprising focus adjustment mfeans for moving a 1=*°* 
said projection lens means along the optical axis thereof 
without permitting the rotation of the stop of said pro- 
jection lens means. , . . . 

16 The apparatus as claimed m claim 10, wherem 
each of said image forming panel means is a liquid crys- 
tal display unit having a liquid crystal panel- 

17. The apparatus a claimed in claim 1 6, wherem hgnt 
bundles from said light source are incident on each of 
the liquid crystal panels at an oblique angle of 0 relative 



y. x » 1 — the uouia crystal pwa=* v*^"^— 

glee is wWrinarangeof 0*<^<9". to the w>rmals of said Kquid crystal panels> respectively. 

10- A fight valve image projection apparatus for pro- 40 w apparatus as claimed in claim I7 t wherem 

jectmg an optical image of a video signal, said apparatus * fe m a range of CT<e<9\ 

conrprising: _ _ - 19. A light valve image projection apparatus for pro- 

1 light valve consisting of three image fbmmgpanex , ^ iu^gt of a video signal, smd apparatus 

means each for forming an opdoal nnage from a ^ 
video signal and for adjusting the dejrrec towhi* 45 "Tf^va 



V1UCU IT' j^"-" fMIV aw* ~o — ' r — — <= ^ ^ 

the formed image can be transmitted therefrom by 

light rays; p . 

a figjit source which irradiates the optical image 
formed by each of the panel means of said light 
valve with Light rays; . 

color seriating means for separatmg the hght rays 
radiating from said Hght source into three hght rays 
of the primary colors, respectively, and For direct- 
ing the three rays to the three image forming panel 



color combining means for combining the optical 

images formed by said tight valve; .and 
projection lens means for projecting the optical 
irnage transmitted form said light valve onto a 
projection screen m an expanded projection man- 
ner, said projection lens means having an optical 
axis, a group of lenses each concentric to theopti- 
cal axis, and a stop forming the aperture of the 
projection lens means at a position decentcred from 
the optical axis of said projection lens means. 
13L The apparatus as claimed m claim 10, wherein 
each of the image forming panel means of smd hght 
valve comprises a plurality of discrete picture elements. 



a light valve consisting of three image forming panel 
means each for forming an optical image from a 
video signal and for adjusting the degree to which 
the formed image can be transmitted therefrom by 

«i light rays; . , ■ 

a Ught source winch irradiates the optical ^ nnage 
formed by each of the panel means of said light 
valve with light rays; 
color separatmg means for separatmg the hgb* rays 
35 radiating from said Hght source into tnree hght rays 
of the primary colors, respectively, and for direct- 
ing the three rays to the three image forrmng panel 

means, respectively; arid 

projection lens means for projecting the optical 
a taage transmitted form said light valve onto a 
projection screen m an expanded projection man- 
ner, said projection lens means having an optical 
axis, a group of lenses each concentric to theopu- 
cal axis, and a stop Wring the aperture of the 
65 projection lens in^arisat a rxKitkmdec^^ &om 
the optical axis of said projection lens means. 
2a The apparatus as claimed in claim 19* wherein 
each of the image forming panel means of said Ught 
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and said r*ojectkm lens means is posmoned to receive membefS disposed along the optical axis of said projec 

principal rays of light bundles radiating form said pio ^ ^ means> 

tare elements approximately parallel to each other 3 ^ Tfle apparatus as claimed in claim 22, wherein 

within the effective field angle of said projection lens of saj<i decentcring stop members has a circular 

means cm the side of said projection lens means facing aperture. m , 1 . , . _ . A _ h „ 

each light valve. 24. The apparatus as claimed in claim 19. and ^further 

21. The apparatus as churned in claim 19, wherein comprising tocos adjustment means ^^^h^of 

^proJecSns means has an dumber satisfy^ ,0 £K£ 

jection lens means. 

1 ^ -J . . jsh^ 25. The apparatus as claimed in claim 19, wherein 

p \ ft each of said image forming panel means is a liquid crys- 

^ , _ . f * j 15 tal display unit having a liquid crystal panel. 

wherein Fi represents the effective F-number of said 2 * The apparatus as claimed in claim 25, wherein 
projection lens means, Fa represents a design F-number ]ight Dun dJes from said light source are incident on each 
necessary for the light valve image projection apparatus of ^ ^d crystal panels at an oblique angle of 9 
to produce a projection image having a desrredly sufr Native to the normals of said liquid crystal panels, 
cient brightness, and 6 represents an angle between a ^ respectively. wherein 
prmcipalray irradiated from a central portion of said 27. The apparatus as clax^dm claim 26, wherein 
h^ht valve and the optical axis of said projection lens each angle 9 is in a range of 0<* <9 > 



means. 
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